prokaryotes; therefore gut flora are not the source. A dietary source can be questioned, as it is unlikely that the Hsp110 would be recovered in a structurally intact form in the large intestine. And so the most likely source is the gut epithelium itself. Yet, Hsp110 does not possess a signal peptide and so cannot be secreted from IECs via the classical secretory pathway. Noncanonical secretion, as seen, for example, with FGF-2, is a possibility (14) . However, this release pathway, and the analogous pathway in yeast, appear to transport very few proteins. Perhaps, then, Hsp110 is released into the intestinal lumen as a consequence of epithelial renewal, particularly in response to IEL activation (15) . If this is the case, though, it might be expected that other abundant cytosolic chaperone proteins, such as Hsp90 and Hsp70, would be recovered in the intestinal contents as well. Nonetheless, perhaps inappropriately elevated levels of Hsp110 in the intestinal lumen serve as an immunological "trigger" leading to aberrant induction of CD1d expression, a subsequent activation of NK T cells, and IL-13-elicited destruction of IECs (Figure 1) (16) . Whatever the mechanism, one is left to ponder the fascinating mystery of why IECs might (uniquely?) release Hsp110 into the gut lumen.
Insights into the precise cellular source of the gut-lumen Hsp110 and the mechanism of its release will provide all-important clues to this new riddle in the everexpanding world of Hsp110 function. Mammals coexist in an overall symbiotic relationship with a complex array of commensal bacterial flora that colonizes the gastrointestinal tract. These intestinal bacteria interface with cells of the mucosal immune system, including DCs (see the related article beginning on page 693).
Here we discuss mechanisms of interaction between intestinal bacteria and DCs and the role of localized gastrointestinal immune responses.
Inflammatory bowel disease is associated with a dysregulated immune response to intestinal bacterial flora
Through processes of evolutionary and individual adaptation, mammals coexist with an estimated 300 to 500 different species of commensal bacteria that colonize the gastrointestinal tract (GIT) in an overall symbiotic relationship (1, 2). The presence of intestinal bacteria plays an important role in host metabolism, the development of the intestinal epithelium, and the intestinal immune system, and it also protects the host against rapid colonization by intestinal pathogens (1, 2). To allow sufficient defense against potential pathogens but restrict the immune response to nonpathogenic resident commensal bacteria, the mucosal immune system needs to be tightly regulated.
In human inflammatory bowel disease (IBD), which encompasses Crohn disease and ulcerative colitis, it is thought that a dysregulated T cell response to the intestinal bacterial microflora leads to chronic intestinal inflammation (2, 3) . Although increasing evidence suggests that the intestinal flora is involved in the pathogenesis of human IBD, to date no specific bacterial pathogen has been identified. It seems more likely that different bacteria are involved in the initiation of the pathogenic immune response (4, 5).
Recently it was found that a subset of patients with Crohn disease have loss-of-function mutations in the gene that encodes the nucleotidebinding oligomerization domain 2 (NOD2) protein (6) . NOD2 is a pathogen-recognition receptor that recognizes muramyl dipeptide derived from bacterial peptidoglycans (7). Although it is not understood how mutations in the NOD2 pathway give rise to IBD, these findings suggest that alterations in the recognition of intestinal bacteria can contribute to chronic inflammation.
Studies of IBD models in rodents provide compelling evidence that the bacterial flora plays a key role in the pathogenesis of the disease, as chronic intestinal inflammation fails to develop under germfree conditions (8) . However, precisely how commensal bacteria in the intestine interface locally with cells of the immune system to initiate and perpetuate intestinal inflammation remains unclear.
Intestinal bacterial microflora induces localized IL-23 secretion by DCs
The proinflammatory cytokine IL-12 has been implicated in the pathogenesis of IBD in a number of mouse models and also in the immunopathogenesis of Crohn disease (3, 8) . In order to study IL-12 production in situ under physiological conditions, Becker and coworkers (9) developed a transgenic mouse expressing a reporter gene under the control of the IL-12p40 subunit promoter (see their article in this issue of the JCI). Somewhat unexpectedly, they found that p40 transcription is restricted primarily to the terminal ileum, where it is produced by a subset of DCs. Recently it has become clear that p40 is a component not only of IL-12 (p40/p35) but also of the Th1-inducing cytokine IL-23 (p40/p19) (10) . Strikingly, the elevated IL-12p40 in the ileum, observed by Becker et al., (13) . This mechanism can be exploited as an entry site by pathogens. In addition, it has been shown that DCs can reach through the basal membrane and the epithelial layer toward the lumen via dendrites (II) (21) . In this case, DCs express the tight junction proteins occludin, claudin 1, and zonula occludens 1, by which they can keep the barrier integrity intact (21) . DCs may also sample translocated bacteria that reach the lamina propria because of a low degree of physiological leakiness of the epithelium (III), and they might contribute to the clearance of pathogenic bacteria that reach the lamina propria via invasion and/or tissue damage (IV). Becker et al. describe a population of DCs in the crypt lamina propria of the terminal ileum that produce IL-23 and contain bacteria (9) . Whether these DCs actively sample bacteria from the crypt lumen or respond to invasive bacteria is currently not understood. After antigen encounter, DCs travel in local lymphoid structures such as Peyer's patches (PP) and toward the draining mesenteric lymph nodes (MLN) to initiate or maintain T and B cell immune responses.
was accompanied by p19 but not p35 mRNA and increased IL-23 protein complex formation. IL-23 was produced in response to the bacterial flora, as it was not detectable in the ileum of mice housed under germfree conditions. Indeed, using an elegant combination of immunohistology and 16S-rRNA fluorescence in situ hybridization, the authors were able to show that some of the DCs with active p40 transcription contained intracellular nondegraded bacteria.
Restriction of DC IL-23 production to the terminal ileum and not the proximal small intestine or the colon suggests a specific activation state of CD11c + cells in the former site. A key question is whether this represents the consequence of a hitherto unappreciated active sampling of commensal bacteria by DCs in the ileum, or is the result of selective colonization and invasion of a specific pathogen in the terminal ileum that leads to a local host immune response involving IL-23 secretion. The finding that bacteria-induced DC activation resulted in IL-23 as opposed to IL-12 production raises the possibility that IL-23 is an important mediator in intestinal inflammation, as has recently been reported in a model of cerebral inflammation (11) . IL-23 may also play an important role in host defense against invading bacteria as a consequence of its ability to maintain Th1 cell memory responses by acting directly on CD4 + memory lymphocytes (10) . Furthermore, IL-23 can activate DCs and macrophages via autocrine mechanisms (12) . However, understanding of the biology of IL-23 is at an early stage, and further work is required to elucidate its role in host defense and intestinal inflammation.
The results of the study reported by Becker et al. (9) raise the question of how intestinal DCs come into contact with bacterial antigens. Several routes have been proposed, and these may vary depending on the nature of the bacterium (Figure 1) (13) . Obviously, in order to prevent systemic infection, there is a clear need for the immune system to respond to bacteria that translocate from the lumen toward the lamina propria. Evidence also suggests that there are more active modes of antigen sampling involving M cells or intra-and transepithelial DCs. However, the reason why the immune system bothers to actively sample intestinal antigens from the lumen is less clear. Such a mechanism might aid sustained antigen delivery for T cell-dependent and T cell-independent IgA production (14) . Alternatively, the active sampling of low amounts of intestinal antigens may be involved in inducing and maintaining T cell tolerance toward the intestinal bacterial flora.
Localized mucosal immune responses as a result of differential colonization and pathogenicity
It is tempting to speculate, as do Becker et al. (9) , that the distinct elevation of IL-23 expression in the ileum reflects an increased susceptibility to inflammation in the terminal ileum, a site that is affected in patients with Crohn disease (3). However, this simple model with a dominant IL-23 response in the terminal ileum is difficult to reconcile with the finding that most mouse models of intestinal inflammation express dominant pathology in the cecum and colon, but not in the terminal ileum (8) .
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Figure 2
Specialized commensal bacteria occupy niches in different compartments of the GIT. The structure of the murine intestine in different parts of the GIT most certainly reflects its dominant purpose of digesting and absorbing nutrients. However, the presence and usage of various immune-response mechanisms also mirror the interplay with the respective resident intestinal bacteria in compartments that these bacteria are adapted to colonize as a permanent or temporary ecological niche. The immune response, in return, can shape the commensal bacterial flora (15) . Whereas the total bacterial load increases toward the lower GIT, distinct bacteria are adapted to predominantly colonize niches in the small intestine or cecum (refs. 1, 14; and M. Strus et al., unpublished observations). Original magnification of the micrographs, ×200. spp., species.
The GIT provides distinct niches for colonization of commensal bacteria, as indicated by qualitative and quantitative differences in the bacterial flora throughout the GIT (Figure 2) (1, 15) . The anatomical architecture in different parts of the GIT reflects its functional role in digestion and also in host defense (16) . Thus, there are clear differences not only in the epithelial intestinal architecture, but also in the density of cells that are closely associated with the innate and adaptive immune response, such as goblet-producing cells, Paneth cells, DCs, and B and T lymphocytes. Furthermore, regional differences are found in the presence and density of mucosal lymphoid structures such as Peyer's or cecal patches, or isolated lymphoid follicles (16) . It is likely that the lymphoid tissue throughout the GIT plays an important role in localized immune responses to bacteria that populate the respective compartment. Indeed, the development of the localized mucosa-associated immune system is only in part genetically determined; it is also functionally dependent on the presence of the bacterial microflora (17) . In addition, differential complementary determining region-3 T cell receptor usage among T cells in different regions of the colon provides further support for localized T cell immune responses within the large intestine (18) . Interestingly, in HLA-B27 transgenic rats, the bacterial load in the cecum determines the severity of mucosal inflammation, and the development of colitis in T cell receptor-α mutant mice can be prevented by removal of parts of the cecum. These results suggest that the manipulation of bacteria and/or corresponding mucosa-associated lymphoid tissue in specific intestinal compartments can influence the induction of intestinal immunopathology (19, 20) . Localized innate and adaptive mucosal immune responses may provide an efficient response to the respective flora but restrict extensive immunopathology. In this regard, the IL-12p40 promoter transgenic mice produced by Becker and coworkers (9) will be an excellent tool to study the interaction between particular bacteria and the host immune system and how this influences the localization of the immune response.
A dilemma for those using model systems in mice to study interactions between the intestinal bacterial flora and the immune system is that, despite increasing control of host genetics, afforded by the use of inbred mice with defined genetic alterations, our knowledge about the composition and function of the corresponding intestinal bacterial flora is limited to just a few bacteria. Because of the great variety of housing conditions, there may be large variations within the bacterial flora that might influence the activation state of the immune system and the interpretation of experiments in different laboratories. The further identification of distinct intestinal commensal and pathogenic bacteria and their ability to colonize and invade distinct compartments of the GIT will afford a better understanding of the interplay among different bacteria and between bacteria and the host in physiology and disease.
